Increasing evidence has demonstrated a vital role of microRNAs (miRNAs) in diverse biological processes. However, their functions in developing brain with hypoxia-ischemia (HI) remain largely unknown. Through a miRNA microarray analysis in a P10 rat model of cerebral HI, we found that miR-30d-5p was one of the most deregulated miRNAs in neonatal brains in response to HI. MiR-30d-5p was downregulated in a time-dependent manner in brain cortex after HI, which was accompanied by increased expression of Beclin1 both at transcript and protein levels. Increase of miR-30d-5p by agomir (AG) resulted in reduction of autophagy and increase of apoptosis, whereas inhibition of miR-30d-5p by antagomir (AT) enhanced autophagy and inhibited apoptosis in rat brains after HI. Moreover, miR-30d-5p AG increased infarct volume, delayed recovery of neurological function, and impaired improvement of spatial memory ability. MiR-30d-5p AT decreased infarct volume, promoted neurological recovery, and improved behavior performance of rats subjected to HI. Collectively, these results indicated that miR-30d-5p modulated survival programs of neural cell by regulating autophagy and apoptosis.
INTRODUCTION
Hypoxic-ischemic encephalopathy (HIE) is a common and serious cause of neonatal morbidity and mortality (1, 2) . It is widely accepted that the pathophysiology of HIE results from a complex cascade of events, including ATP depletion, excitoxicity, oxidative stress, calcium overload, apoptosis, and inflammation (3) (4) (5) (6) (7) . Increasing evidence has shown that autophagy is induced in neuronal cells in the brain after hypoxiaischemia (HI) insults (8, 9) .
Autophagy is an evolutionarily conserved process in which long-lived or damaged proteins and organelles are eliminated via the lysosomal system (10, 11) . There is increasing evidence indicating that autophagy is activated in the neurons of neonatal or adult rodents after HI or cerebral ischemia . Increasing reports have indicated that the activation of autophagy in the ischemic brain may contribute to neuroprotection . Thus, not surprisingly, autophagy represents a central mechanism for cell survival during bioenergetic stress, and the deregulation of this process is implicated in the pathogenesis of HIE.
MicroRNAs (miRNAs) are small endogenous noncoding RNAs that regulate gene expression at the posttranscriptional level (19) and thereby control numerous biological processes. The abnormal expression of miRNAs has been implicated in many diseases . Recently, miRNAs have been reported to be involved in autophagic regulation . However, very few reports have examined the effect of miRNAs on the regulation of autophagy in hypoxic-ischemic brain damage. Through a miRNA microarray analysis in P10 rats subjected to HI, we found that miR-30d-5p was found to be one of the most downregulated miRNAs in HI brains (Supplementary Data Table S1 ). According to the miRNA target prediction softwares (TargetScan, picTar, miRanda, and PITA), miR-30d-5p could potentially target the 3 0 UTR of the mRNA for Beclin1. Since Beclin1 is a well-known protein that is required for autophagosome formation (29) , we hypothesize that miR-30d-5p might be involved in autophagy regulation in neonatal rat HI brains by regulating Beclin1. In this study, we investigated the role of miR-30d-5p in rat brains after HI by changing its level with AG and antagomir (AT).
MATERIALS AND METHODS

Animal Protocols
All the animal experiments were performed in strict compliance with animal handling protocols approved by the Sichuan University animal care committee. Every effort was made to minimize the number of animals used and their suffering. P10 SpragueDawley rats (male, 18-20 g) were purchased from Sichuan Dashuo Animal Science and Technology Com. (Chengdu, China).
Animal Group
First, the animals were divided into sham-operated (sham) group and HI groups. Histopathologic changes, autophagy, miR-30d-5p, and Beclin1 were compared between sham and HI group. The animals were then divided into 5 groups: an HI group; a group receiving miR-30d-5p AG treatment before HI modeling (AG); a group receiving miR-30d-5p agomir control (AGC) treatment before HI modeling (AGC); a group receiving miR-30d-5p AT treatment before HI modeling (AT); and a group receiving miR-30d-5p AT control treatment before HI modeling (ATC). Different experiments were conducted to evaluate the effect miR-30d-5p on in rat subjected to HI. The times at which different experiments or measures were conducted are shown in Figure 1 .
Animal Model Protocol
The HI model was established as described previously (30) . Briefly, P10 rats were anesthetized using isoflurane (4% induction, 1.5% maintenance), and subjected to ischemia with their right common carotid artery permanently double ligated and sliced in the middle. After recovery for 1 hour, the rats were exposed to hypoxia (8%O 2 /92%N 2 ) at 37 C for 2.5 hours and then returned to their cage. Temperature of rats was monitored and maintained by a thermostatically regulated heating pad. The sham control rats were only subjected to isolation and ligation of the vessels without occlusion and subsequent ischemia. At the indicated times, the rats were killed after anesthesia for tissue collection.
For gene delivery, rat pups were anesthetized and given a single intracerebroventricular (ICV) injection of AG or AT miR-30d-5p 48 hours prior to HI. As a control, AG-or ATnegative control sequences were injected by ICV. The stereotactic ICV injection site was 2 mm posterior to the bregma, 2 mm lateral to the sagittal suture, and 3 mm below the skull surface.
Hematoxylin and Eosin Staining
At 24 hours after HI, the animals were anesthetized and perfusion fixed with 0.9% NaCl and 4% paraformaldehyde. The brains were removed, post-fixed in 4% paraformaldehyde for 24 hours at 4 C, dehydrated and paraffin embedded. Semiserial 5-lm coronal sections were obtained from 1.0 to 5.0 mm posterior to the bregma. Sections were stained with hematoxylin and eosin after dewaxing.
Electron Microscopy
Rats were anesthetized and killed at 12 hours after HI. Brain tissues were fixed in phosphate buffer containing 2.5% glutaraldehyde/2% paraformaldehyde for 60 minutes, postfixed with 0.1 M cacodylate buffer containing 1% OsO 4 , 0.8% potassium ferricyanide and 5 mM CaCl 2 , dehydrated in an acetone series, and embedded in Epox 812 overnight at 60 C. Semi-thin sections were stained with methylene blue for sample location. Ultrathin sections were stained with uranyl acetate and lead citrate, and then observed under a transmission electron microscope (Hitachi, H-600IV, Japan).
Immunofluorescence Staining
The animals were anesthetized and killed at 12 hours after HI. Brain tissues were fixed in 4% paraformaldehyde solution in phosphate buffer for 24 hours at 4 C, and then embedded in 3% agrose. The brains were consistently sectioned (40-lm coronal sections) from 1.0 to 5.0 mm posterior to the bregma. Sections were treated with 0.3% (vol/vol) Triton X-100, blocked with 10% (vol/vol) serum, incubated with antibodies against LC3 (1:200, Novus), and then incubated with secondary antibodies conjugated to DyLight 488 (1:500, Jackson ImmunoResearch). After 4,6-diamidino-2-phenylindole ([DAPI]), 1:500, Sigma) staining, the slides were observed under a confocal laser scanning microscope (Olympus, Japan). Brain sections were imaged and analyzed using FV10-ASW-3.1 software.
TUNEL Staining
Rats were anesthetized and killed at 24 hours after HI. Cell apoptosis was detected by TUNEL assays with an in situ cell death detection kit (Roche, Germany) following the manufacturer's instructions. Briefly, the sections were treated with 0.1% Triton X-100, incubated with the TUNEL reaction mixture at 37 C for 1 hour, and then stained with DAPI for 5 minutes. The images were visualized using a fluorescence confocal laser-scanning microscope (Olympus, Japan). The apoptotic index (AI) was calculated as follows: AI ¼ (number of apoptotic cells/total cell number counted) Â 100%. Three sections from each rat were examined for calculation of AI.
Infarct Volume Assessment 2,3,5-Triphenyltertazolium chloride (TTC) staining was conducted to quantify brain infarct volume. Rats were and killed after anaesthetization at 72 hours after HI. The brains of rats were harvested and sliced in 2-mm-thick coronal sections. Sections were stained with 2% TTC solution for 10 minutes at 37 C, and then immersed overnight in 4% paraformaldehyde. Images of the sections were scanned and measured with NIH image software a blinded manner. Infarct volume was calculated by multiplying the infarct area by the thickness of the brain sections. To minimize the error caused by edema, infarct volume was corrected by subtracting the noninfarcted area in the ipsilateral hemisphere from the contralateral hemisphere area. Infract volume was calculated using the following formula: (contralateral hemispheric volume -ipsilateral noninfarcted volume)/contralateral hemispheric volume Â 100%.
miRNA Microarray and Analysis
Rats were anesthetized and killed at 24 hours after HI. The miRNA microarray was carried out by Kangchen Biotech Com (China) to detect miRNA profiling in brain cortex (exclusive of hippocampus and cerebral white matter) after HI. Total RNA (plus miRNA) was extracted from brain cortex (exclusive of hippocampus and white matter) using Trizol Teagent (Invitrogen) and RNasey Mini Kit (Qiagen) according to the manufacturer's protocol. The concentration and quality of RNA was measured by NanoDrop ND-1000 spectrophotometry and gel electrophoresis, respectively. MiRNA was labeled with Hy3 TM or Hy5 TM fluorescent label using miRCURY Array Power Labeling kit. The labeled miRNA was hybridized miRCURY Array (v. 18.0). Hybridization images were scanned by Axon GenePix 4000B microarray scanner, and analyzed by GenePix pro V6.0 software (Axon).
Real-Time PCR
Rats were anesthetized and killed at 0.5, 2, 6, 12, 24, and 72 hours after HI. Real-time PCR was performed with 2 Â PCR master mix (Arraystar) in a total reaction volume of 10 lL (5 lL 2 Â master mix, 2 lL of cDNA, 0.5 lL of forward primer (10 lM), 0.5 lL of reverse primer (10 lM), and 2 lL of double-distilled water). The amplification conditions were as follows: 10 minutes at 95 C and 40 cycles of 10 seconds at 95 C, 60 seconds at 60 C. Amplification efficiency was evaluated via a standard curve analysis. The data analysis was performed using the 2 À᭝᭝Ct method. U6 was used as a reference gene. The primer sequences for miR-30d-5p and U6 were as follows:
Western Blotting
Western blotting was performed as previously described (31) . Briefly, equal amounts of total protein (60 lg) from the ipsilateral cortex were separated using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to polyvinylidene difluoride membranes ([PVDF], Roche). The membranes were blocked and incubated overnight with primary antibodies against Beclin1 Immunoreactive bands were visualized using enhanced chemiluminescence (Millipore). The band intensity was analyzed using Gel-Pro software.
Neurological Severity Score (NSS)
The neurological score of rats was evaluated blindly by an individual who was not aware of animal conditions using Chen's NSS system at 21 days after HI (32) . NSS was based on the following 5 tests: (i) raising rat by the tail, 0-3 points, (ii) placing the rat on the floor, 0-3 points, (iii) sensory test, 2 points, (iv) beam balance test, 0-6 points, and (v) reflexes absent and abnormal movement test, 4 points. The 5 individual test scores were summed up at the end of the evaluation. The total score was graded on a scale of 0-18 (0, normal score; 18, maximal deficit score). The more severe the injury, the higher the score.
Morris Water Maze (MWM)
MWM test was conducted to evaluate neurocognitive deficits and motor coordination $22 days after HI. The tests were carried out as described previously (33, 34) . A 150-cm circular pool was filled with water (25 C), which was rendered opaque with nontoxic white paint. The pool was divided into 4 quadrants. A 10-cm escape platform was fixed in the center of 1 quadrant (target quadrant) 1-2 cm below the water surface. The activity of animals was monitored by an overhead camera and automatically recorded with software Etho Vision 2.3.
All animals were trained to find the platform daily for 5 days. Each day, the rats performed 4 random trials beginning from 4 different positions. At each trial, the rats swam freely to find the platform within 120 seconds and then stayed on it for 10 seconds. If the rat failed to find the platform, it was placed on the platform for 10 seconds. The time that animals spent to find the platform was defined as escape latency. On the sixth day, the platform was removed. Animals were released at the farthest point from the position of the platform and allowed to swim 60 seconds. The number crossing the platform location was recorded.
Statistics
Each experiment was performed at least 3 independent experiments. The results were presented as the mean 6 SD. The data were quantified in Microsoft Excel 2007 and then exported to GraphPad Prism 5 for performing graphs and statistics. Significant difference was performed by one-way ANOVA followed by Tukey test. The p values < 0.05 were deemed as statistically significant.
The individuals who performed infarct volume assessment, NSS, MWM, image acquisition, and data analysis were blinded to group allocation and treatment of animals. The individuals who performed data analysis were blinded to the intervention. NSS of animals was evaluated by Doctor Jianghu Zhu who specializes in neurology. MWM was observed by Shiping Li and Haiting Liu who are experienced in this test.
RESULTS
Histopathologic Changes of Brain Cortex After HI
Hematoxylin and eosin staining was carried out to observe the pathological changes of brain after HI insult. In the sham brain, the cells had normal morphology and well arranged. At 4 hours after HI, several cells appeared swollen, condensed, and darkly stained nuclei. At 24 hours after HI, there were more damaged neural cells (Fig. 2) .
Autophagy Was Induced in HI Brains
To assess the activation of autophagy in neonatal cerebral HI, we detected LC3 conversion and p62 expression by Western blot analysis. We identified a time-dependent increase of LC3P, which rapidly increased at 2 hours after HI and remained at a high level until 72 hours after HI (Fig. 3A,  B) . P62 began to decrease at 2 hours after HI and maintained at a low level until 72 hours after HI (Fig. 3A, B) . These results indicated that autophagy was enhanced in the neonatal rat cerebral cortex after HI injury. Immunofluorescence staining showed that LC3 expressed in the cytoplasm. LC3 was weak in the sham group, whereas numerous LC3 dots were significantly increased in the HI group (Fig. 3C) .
Electron microscopy revealed that cortex neurons displayed strong autophagic characteristics, with doublemembrane vacuoles engulfing parts of the cytoplasm or organelles in the HI group. In contrast, there were no obvious autophagic vacuoles in the sham group (Fig. 3D) .
MiR-30d-5p Was Downregulated and Beclin1 Is Upregulated in HI Brains
We examined the expression of miR-30d-5p in the HI brain cortex using real-time PCR. The results showed that level of miR-30d-5p was lower for HI groups compared with sham group, which was consistent with the miRNA microarray results. Specifically, miR-30d-5p began to decrease at 0.5 hours after HI, fell to the lowest level at 12 hours after HI, then slightly increased but remained low until 72 hours after HI injury (Fig. 4A) . In contrast, expression of Beclin1 mRNA was higher in HI group than that in sham group. It began to increase at 2 hours after HI, peaked at 12 hours after HI, and was maintained at a high level until 72 hours after HI injury (Fig. 4B) . The expression of the Beclin1 protein was consistent with that of the Beclin1 mRNA. Western blot results showed that the Beclin1 protein began to increase at 6 hours after HI, peaked at 24 hours after HI, and then mildly decreased but was maintained at a high level at 72 hours after HI (Fig. 4C, D) . Thus, the expression trend of miR-30d-5p contrasted with that of Beclin1.
Effect of miR-30d-5p on Autophagy in HI Brains
To clarify the biological role of miR-30d-5p in HI brain injury in vivo, we altered levels of miR-30d-5p by injecting either the miR-30d-5p AG or AT by ICV infusion 48 hours prior to HI. Western blot analysis showed that levels of Beclin1 and LC3 P were higher in AT group compared with that in HI or antangomir control (ATC) group (Fig. 5A, B) . Conversely, Beclin1 and LC3 P in AG group were lower than that in HI or AGC group (Fig. 5C, D) . Immunofluorescence staining showed that the amount of LC3 puncta was more in AT group than that in HI or ATC group. On the contrary, LC3 puncta was less in AG group than that in HI or AGC group (Fig. 6 ). These data indicated that miR-30d-5p inhibited cell autophagy in brains of neonatal rats with HI injury.
Effects of miR-30d-5p on Apoptosis in HI Brains
Two typical markers of apoptosis, CC3 and poly (ADPribose) polymerase (PARP) cleavage, were assessed at 24 hours after HI by Western blot analysis. The results showed that both CC3 and cleaved PARP expression were lower in AT group compared with HI or ATC group (Fig. 7A, B) . There was no significant difference between HI and ATC group. However, levels of the 2 proteins in AG group were higher than that in HI or AGC group (Fig. 7C, D) . The results showed that the number of TUNEL-positive cells was much less in AT group than that in HI or ATC group. TUNEL-positive cells were more in AG group than that in HI or AGC (Fig. 8) . These data indicated that miR-30d-5p promoted apoptosis in rat HI models.
MiR-30d-5p Aggravated Brain Damage After HI
TTC staining was conducted to evaluate infarct volume in rats subjected to HI. The normal tissue appeared red while Data were presented as mean 6 SD from 3 independent experiments, n ¼ 9 in each group, *p < 0.05 versus AGC group. AT: antagomir treatment followed by HI injury, ATC: antagomir control treatment followed by HI injury, AG: agomir treatment followed by HI injury, AGC: agomir control treatment followed by HI injury.
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the infarct tissue appeared white (Fig. 9) . As expected, no infarction was observed in the sham-operated group. A prominent infarct size (18.92% 6 7.85%) was observed in HI brains, compared with the rat brains in sham group. The infarct volume (7.00% 6 3.79%) was significantly decreased in AT group compared with HI or ATC group (18.33% 6 7.66%). On the contrary, the infarct volume was dramatically increased in AG group (45.75% 6 0.25%), compared with HI or AGC group (16.97% 6 7.64%). Although there was a slight reduction in infarct volume in AGC group as compared with HI group and ATC group, the difference was not statistically significant. These results FIGURE 6 . Effect of the miR-30d-5p on LC3 detected by immunofluorescence staining. (A) The amount of LC3-puncta was increased in the AT group, whereas it was decreased in the AG group compared with the corresponding control. Magnification: 400x, scale bar ¼ 25 lm, n ¼ 9 in each group. (B) Quantitative analysis of immunofluorescence data. There were 5 animals for each group, and 10 fields for each animal were randomly selected. Data were presented as mean 6 SD from 3 independent experiments. *p < 0.05 versus ATC or AGC group. AT: antagomir treatment followed by HI injury, ATC: antagomir control treatment followed by HI injury, AG: agomir treatment followed by HI injury, AGC: agomir control treatment followed by HI injury.
showed that miR-30d-5p aggravated brain damage in rat HI models.
Effects of miR-30d-5p on Neurological Function in Rat HI Models
To examine the long-term effects of miR-30d-5p in HI rats, we assessed the neurological function using NSS system 21 days after HI (Fig. 10A ). Higher scores indicate poor outcome and lower scores indicate favorable outcome. As expected, the NSS was significantly higher in HI rats compared with those in sham group. The NSS was markedly higher in AG group as compared with that in HI or AGC group. However, the NSS was significantly lower in AT group compared with that in HI or ATC group, indicating that miR30d-5p delayed neurological recovery in rat HI models.
Effects of miR-30d-5p on Behavioral Performance in HI Rats
MWM test was performed to determine the long-term effect of miR-30d-5p on learning and memory in HI rats (Fig. 10B, C) . The comparison of time each animal taking to reach the platform (escape latency) showed that rats in AG group spent slightly more time than that of rats in HI or AGC group, while rats in AT group spent less time than that of rats in HI or ATC group (Fig. 10B) . In addition, the number of crossings of platform area was lower in AG rats but higher in ATC rats than HI or the corresponding control group (Fig.  10C) . No statistically significant differences were observed among the HI, AGC group, and ATC group in escape latency and the number of crossings the platform area.
DISCUSSION
Here, we reported that miR-30d-5p was downregulated in neonatal rat brains subjected to HI insult, and that the expression pattern of miR-30d-5p correlated inversely with that of Beclin1, an essential autophagy-related protein. Moreover, miR-30d-5p targeted the 3 0 UTR of Beclin1. Increase of miR30d-5p by AG inhibited autophagy, promoted apoptosis, aggravated brain injury, and impaired recovery of spatial learning ability. In contrast, inhibition of miR-30d-5p by AT enhanced autophagy, inhibited apoptosis, reduced infarct volume, and improved spatial learning ability. We first showed that miR-30d-5p participated in both apoptosis and autophagy in neonatal rat brains subjected to HI.
MiRNA-mediated post-transcriptional regulation of gene expression represents an integral part of the autophagy regulatory network and may have a substantial effect on autophagy-related physiological and pathological conditions (35, 36) . Therefore, we postulated that miRNAs may regulate autophagy in the pathological process of HIE. Importantly, miR-30d is known to regulate autophagy and apoptosis in cancer cells (37, 38) . Nevertheless, little is known about the role of miR-30d-5p in brains of neonatal rats following HI. We found that the miR-30d-5p AT decreased neuronal apoptosis and the expression of CC3 and cleaved PARP induced by HI injury, which was concurrent with an increase in Beclin1 protein expression and autophagy activation. In contrast, the Data were presented as mean 6 SD from 3 independent experiments, n ¼ 9 in each group, *p < 0.05, **p < 0.01 versus AGC group. AT: antagomir treatment followed by HI injury, ATC: antagomir control treatment followed by HI injury, AG: agomir treatment followed by HI injury, AGC: agomir control treatment followed by HI injury. Quantification of TUNEL data. There were 5 animals for each group, and 10 fields for each animal were randomly selected. Data were presented as mean 6 SD from 3 independent experiments. **p < 0.01 versus ATC or AGC group. AT: antagomir treatment followed by HI injury, ATC: antagomir control treatment followed by HI injury, AG: agomir treatment followed by HI injury, AGC: agomir control treatment followed by HI injury. miR-30d-5p AG promoted cell apoptosis, decreased Beclin1 protein expression and the LC3P and initiated the formation of autophagosomes in neonatal rat HI brains. Importantly, the miR-30d-5p AT attenuated infarct volume after HI, whereas the AG significantly increased this volume. These results indicated that miR-30d-5p contributed to neuronal death and regulated autophagy in neonatal rat HI brains. Because autophagy has neuroprotective roles in HI brains, we presume that miR30d-5p might promote neuronal death by inhibiting autophagy. Notably, a certain miRNA may regulate the expression of hundreds of genes (39) . Although Beclin1 may be the main gene regulated by miR-30d-5p in neonatal rat HI brains, we cannot exclude the possibility that other target genes of miR30d-5p are also involved in this process. MiR-30d has been reported to induce cell apoptosis by targeting the oncogenes metadherin (MTDH) and karyopherin (importin) beta 1 (KPNB1) in cancer cells (37) . Using miRNA target prediction algorithms, we found that miR-30d-5p may potentially target brain-derived neurotrophic factor (BDNF), which is of the utmost importance for cell survival during neonatal HI (40, 41) . Therefore, further work is necessary to investigate more target genes in addition to Beclin1 to clarify the mechanisms underlying miR-30d-5p function in neonatal rat HI brains.
In summary, the present study indicated that miR-30d-5p was involved in the regulation of autophagy and apoptosis in brains of neonatal rats following HI. The miR-30d-5p AT attenuates brain damage 22 days after HI. However, profound FIGURE 9. Effect of miR-30d-5p on infarct volume. TTC staining was conducted 24 hours after HI. HI caused severe infarcts in rat brains. Antagomir dramatically decreased the infarct volume and agomir significantly increased the infarct volume. Data were presented as mean 6 SD from 3 independent experiments, n ¼ 10, **p < 0.01 versus ATC or AGC group. AT: antagomir treatment followed by HI injury, ATC: antagomir control treatment followed by HI injury, AG: agomir treatment followed by HI injury, AGC: agomir control treatment followed by HI injury. FIGURE 10. Effect of miR-30d-5p on neurological function and behavior performance. (A) NSS evaluation 21 days after HI showed that the NSS was higher in HI group compared with that in sham group. Antagomir significantly lowered NSS, and agomir dramatically elevated NSS when compared with HI, ATC, or AGC group. Data were presented as mean 6 SD, n ¼ 12 in each group. *p < 0.05, **p < 0.01, ****p < 0.0001 versus ATC or AGC group. (B, C) Morris water maze was performed 22 days after HI to examine the effect of miR-30d-5p on special learning and memory of rats. Rats in HI group took more time to reach the platform than that in sham group. Data were presented as mean 6 SD, n ¼ 12 in each group. (B) The escape latency to reach the platform was shorter in antagomir treated rats than that in rats treated with antagomir control, but longer in agomir treaded rats than that in rats treated with agomir control. *p < 0.05 AT versus ATC group; **p < 0.01 AT versus ATC group; ****p < 0.0001 AG versus AGC group. (C) Rats in AT group passed through the platform location more frequently than that in ATC and sham group. Rats in AG group passed through the platform location much less than that in AGC and sham group. *p < 0.05 versus ATC group, **p < 0.01 versus AGC group. AT: antagomir treatment followed by HI injury, ATC: antagomir control treatment followed by HI injury, AG: agomir treatment followed by HI injury, AGC: agomir control treatment followed by HI injury. study in longer period is needed to examine its prospective outcome. In addition, core issues relating to miRNA biological effect, model of action, and localization of miRNA to a given cell type within tissues remain to be elucidated (42, 43) , the exploration of therapy targeting miRNA for human diseases will require much more study.
